Abstract: Solid fat from fractionation of palm-based products was converted into cake shortening at different processing conditions. High oleic palm stearin with an oleic content of 48.2 % was obtained from fractionation of high oleic palm oil which was produced locally. Palm product was blended with different soft oils at pre-determined ratio and further fractionated to obtain the solid fractions. These fractions were then converted into cake shortenings named as high oleic, N1 and N2 blends. The physico-chemical properties of the experimental shortenings were compared with those of control shortenings in terms of fatty acid composition (FAC), iodine value (IV), slip melting point (SMP), solid fat content (SFC) and polymorphic forms. Unlike the imported commercial shortenings as reported by other studies and the control, experimental shortenings were trans-free. The SMP and SFC of experimental samples, except for the N2 sample, fell within the ranges of commercial and control shortenings. The IV was higher than those of domestic shortenings but lower when compared to imported and control shortenings. They were also observed to be b tending even though a mixture of b and b was observed in the samples after 3 months of storage. The shortenings were also used in the making of pound cake and sensory evaluation showed the good performance of high oleic sample as compared to the other shortenings.
INTRODUCTION
Palm oil at room temperature (27 ) consists of two phases which could be cooled and separated into olein and stearin. Palm olein is the liquid fraction whereas palm stearin is the solid fraction. Practically these two types of fractions were separated by crystallization and filtration. Palm olein comprises of mainly low melting triacylglycerols and is used as cooking oil and suitable for frying. Palm stearin is dominated by high melting triacylglycerols and is used for margarines, shortening and vanaspati.
In normal practice, palm stearin is blended with other soft oils which consist of more polyunsaturated fatty acids such as soybean, canola, corn and sunflower oil to impart the required plasticity and body to the end product 1) . Palm oil tends to crystallize in b form whereas soft oil crystallize in b form of crystals. Blending of palm stearin with soft oils will produce a desired characteristic of fats for margarines and shortening formulation as b crystals from palm stearin promote plasticity which could not be achieved by soft oils alone. The b crystal form tends to structure as a fine three-dimensional network capable of immobilizing a large amount of liquid oil. Large b crystals are unable to form a three-dimensional structure 2) . The issue on trans fatty acid makes hydrogenated fats undesirable. Hydrogenated products have been linked with coronary heart disease over the past years. Soft oils need to be hydrogenated to get the hard stock. A mandatory labelling of trans fatty acid content in every food product introduced by the U.S. in 2007 forced the oils and fats manufacturers to shift from hydrogenated to more natural products. This makes palm products, especially palm stearin, as the best replacer for those hydrogenated fats.
Palm stearin contains no trans fatty acid and multiple range of properties and characteristics of palm stearin could be obtained by direct blending, interesterification either chemical or enzymatic and/or fractionation.
Shortening is a commercially prepared fat used in frying, cooking, baking and as an ingredient in fillings, icings and other confectionery products 3) . Shortening acts as carriers for fat soluble vitamins as well as provides essential fatty acid, thus improving the quality and palatability of food products. In baked food, shortening take its role in incorporating and entrapping air during mixing, enhancing the structure, providing a moisture barrier and extending the shelf life of the products 4, 5) . Ghotra et al. 6) listed the desirable function of shortenings in bakery foods which include tenderness and texture, mouth feel, structural integrity, lubrication, incorporation of air, heat transfer and extended shelf life. The type and amount of shortening in a food formulation also affects the dough and finished quality of baked products 7) . The objective of this paper was to evaluate the physicochemical properties and performance of shortenings prepared from palm products. The fat bases were prepared by a combination of fat modifications including blending, interesterification and fractionation.
EXPERIMENTAL

1
High oleic palm stearin. The stearin with an iodine value (IV) of 64.3 and slip melting point of 38.3 was a fractionated product of high oleic palm oil prepared in house at the High Oleic Pilot Plant, Malaysian Palm Oil Board Head Quarters 8) . 40-50 kg of high oleic palm stearin was prepared for the production of shortening.
N1 and N2 blends. Palm product was blended with different soft oils in a pre-determined ratio and further fractionated to obtain the solid fraction. 40-50 kg of the solid fraction of each blend was prepared for the production of shortening.
The control shortening (U.S.) was purchased from a local supermarket. All chemicals used were of analytical grade. 11) . The oil was transesterified with 0.5 M sodium methoxide. n-Hexane (0.95 mL) was added to the oil sample in a 2-mL glass vial using a graduated pipette. The mixture was shaken vigorously with a vortex mixer to dissolve the oil. Sodium methoxide (0.05 mL) was then added using a pipette. The vial was well shaken with a vortex mixer for 5 s. After 5 min, the clear upper layer of methyl esters was pipetted off for GC analysis.
Quantification of the peak areas was carried out with a Hewlett-Packard HP5890 II gas chromatograph equipped with a flame ionization detector and a fused-silica capillary column (60 m 0.25 mm i.d., 0.25 mm film; J&W Scientific, Folsom, Calif., USA). The analysis conditions were based on the MPOB Test Method p3. 5: 2005 11) and also corresponded to those described by others 12, 13) . A correction based on RM-6 FAME Standard (Supelco Inc., Bellefonte, Pa., USA) was used for calculation of the weight percentage of the total mass. The iodine value (IV) was calculated from the composition of the unsaturated methyl esters.
Slip melting point (SMP)
Slip melting point (SMP) was determined by the AOCS (1998) Official Method Cc 3-25 14) . Six capillary tubes were each filled with a 10-mm-high column of fat. The fat column was chilled by holding and rolling the ends of the tubes containing the sample pressed against a piece of ice until the fat solidified. The tubes were placed in a test tube and held in a beaker of water equilibrated at 10 1 in a thermostat water bath. The beaker was transferred to the water bath and held for 16 h at 10 1 . The capillary tubes were then removed from the test tube and attached to a thermometer with a rubber band such that the lower ends of the tubes were level with the bottom of the mercury bulb of the thermometer. After that, the thermometer was suspended in a beaker containing 400 mL boiled distilled water such that the lower end of the thermometer was immersed in the water to a depth of 30 mm. The starting temperature of the bath was adjusted to 8 to 10 below the expected SMP of the sample. The water was agitated with a magnetic stirrer and heat was applied to increase the temperature at a rate of 1 /min, slowing down to 0.5 /min as the slip melting point was reached. The heating was continued until the fat column was raised. The temperature at which the fat column rose was reported as the SMP. 2.2.4 Solid fat content (% SFC) by nuclear magnetic resonance The samples were melted and filled into the sample tubes (10 mm o.d. 75 mm length) up to a height of 3 cm. Then they were tempered at 70 for 30 min, chilled at 0 for 90 min, and kept at the desired temperatures in pre- The sample holders were flat stainless steel plates with rectangular holes. Samples were melted at 70 and tempered at 10 for 1 h, as described by Zaliha et al. 15) .
Baking test in a cake
The experimental shortenings were stored in incubator at 27 for one month. At day 1, 15 and 30, performance of the experimental and control shortenings was evaluated by using the shortenings in making pound cake ( ), as described by Osman and Nor Aini 16) .
Sensory evaluation
The cakes were subjected to scoring test. Samples were evaluated for grain size, texture, eating quality and flavor. For grain size, 1 denotes very coarse and 9 denotes very fine; for texture, 1 denotes very firm and 9 denotes very soft; for eating quality; 1 denotes very dry and tough and 9 denotes very moist and tender; for flavor, 1 denotes very poor and 9 denotes excellent. Sensory tests were conducted in an air-conditioned sensory evaluation laboratory equipped with 10 individual panel booths. Panelists were provided with a glass of warm water to cleanse their palates before tasting each sample 17) .
RESULTS AND DISCUSSION
1
Oils and fats differ in their physico-chemical properties. Some are high in saturated fatty acids content while others are unsaturated rich oils. The diversity in fatty acid compositions and their positions in triacylglycerol backbones determine the characteristic of the oils and fats. In margarines and shortenings, fats may be classified by fatty acid chain lengths, degree of unsaturation, prominent polymorphic form, source, consumption and fatty acid species which dominate that particular fat 6) . Fatty acid compositions of experimental, commercial (A, B, C, D, and E) as reported by Chu et al. 18) and control shortenings are demonstrated in . Sample A, B and C were locally made shortenings whereas sample D, E and control were imported from Canada and United States. Both experimental and domestic shortenings (A, B and C) contained no trans fatty acids.
Meeting its purpose, oleic acid was the dominant fatty acid found in high oleic shortening with major reduction in palmitic content. Total saturation of the sample was less
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than 39 %. The other two experimental (N1 and N2) and domestic samples (A, B, and C) had higher palmitic contents ranging between 41 to 50 %. As compared to domestic shortenings, high oleic sample offers higher quantity of mono-and polyunsaturated while reducing its saturated fatty acids in its formulation. N1 and N2 samples were lower in saturated and contain almost double the polyunsaturated fatty acids, contributed by the added soft oils. Domestic samples contained the highest amounts of saturated fatty acids, mainly palmitic, ranging between 46 to 49 %. Nor Aini et al. 19) found that high palmitic acid content is good for aeration of fat/sugar mixture. Trans fatty acids present in imported sample (D, E and control) were reported due to the hydrogenated fats used in the formulations. High amount of stearic acid (9-11 %) also support the hypothesis.
shows the slip melting point (SMP) and iodine value (IV) of experimental, commercial and control shortenings. The SMP of the shortenings was between 40 to 44 except for high oleic sample and sample C which melted at less than 40 . Sample B melted at a higher temperature of 49 . Berger 20) reported that cake shortening should have a melting point of about 40 . The body-forming properties of egg protein and starch will not have reached the point at which cake shortenings can retain the air if they are melted too quickly. Hence, with respect to SMP, N1 and N2 sample were suitable for application as cake shortening. For frying, the SMP of shortenings must not be too high. The shortenings will take a longer time to melt during frying and leave a waxy aftertaste in the mouth 21) . In general, the SMP of experimental shortenings (38.3-43.0 ) fell within the range of commercial sample (37.8-49.7 ).
The IV for experimental shortenings was higher than domestic shortening but lower as compared to imported shortenings. Elevated amounts of polyunsaturated fatty acids found in soft oil resulted in higher iodine value of imported sample.
2
Solid fat content (SFC) is defined as the percentage of lipid which is solid at various temperatures. These values are required to understand the physical properties of solid fat such as shortening 22, 23) . The SFC of experimental, commercial and control shortenings with respect to temperature is shown in . In general, the SFC of experimental shortenings fell within the SFC of commercial shortenings (A, B, C and D) except for the N2 sample where it contains higher amount of solid. This may be due to the high saturated fatty acids content (47.9 %) in the sample ( ). The high oleic sample however recorded lower solid fat content at each measured temperatures. Experimental samples exhibit narrow plastic range as evidently shown by the steep SFC profiles. N2 sample had the sharpest SFC. Mayamol et al. 23) suggested that products with a steep SFC profile are characterized as high-stability shortenings. Experimental samples also had a comparable properties with vanaspati used for deep fat frying as well as in bakery and confectionery products in India and the Middle East. Lee et al. 22) emphasized that plasticity of shortening helps air incorporation to increase the volume during the creaming stage in cake batter and cookie dough formation. The control, Crisco all purpose and Crisco zero trans (U.S.) sample had very low solids even at 10 and wider plasticity ranges. According to Chu et al. 18) , it is a trend in Western countries to incorporate liquid oil into shortenings and margarine as much as possible which resulted in lower solids at lower temperatures.
3
The short spacings of the b form is found at 4.2 and 3.8 Å, and that of the b form is at 4.6 Å. Levels of b and b crystals in mixtures are estimated by the relative intensity of the short spacings at 4.2 and 4. 6 Å 25) . The b polymorph is the most desirable form as it provides a fine arrangement and a large surface area of solid crystals which stabilizes the liquid oil and water droplets most effectively. The b form is not desirable in great quantity because the large crystals of this arrangement will result in a coarse and grainy texture 26) . reveals the polymorphic transformation of the samples after 3 months of storage. b type crystals predominate in the high oleic sample through out the storage period. Nevertheless, this sample was smoother by visual inspection as compared to other samples. After 3 months of storage, the b and b crystals started to almost equilibrate. For N1 sample, the b form predominates after the third month of storage. In the first and second month, the b and b forms were in equilibrium. In N2 sample, b crystals was dominant after a month of stor-
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J. Oleo Sci. 57, (11) age. Then, the b form was stabilized in the b form in the following months. The control sample was dominated by b type of crystals through out the storage period. The polymorphic forms could be well explained by the triacylglycerols (TAGs) composition as extensively described by Chu et al. 18) . Mayamol et al. 23) also illustrated the effect of processing conditions on the polymorphic forms of shortening produced from palm stearin and rice bran oil.
4
In general, the high oleic and N1 samples performed well in sensory evaluation after 30 days of storage as illustrated in . High oleic sample recorded the highest score of 7.5, 6.5 and 7.0 in texture, eating quality and flavor, respectively at day 1. After 15 days of storage, comparable score with the control was observed. The sample performed even better after 30 days of storage when it recorded the highest score among others, including the control sample. N1 and N2 sample scored less compared to other samples especially N2 shortening. This may be due to the higher solid observed in the sample. N2 blend may not be very suitable for cake shortening. Other applications such as solid frying shortening may be appropriate for N2 type of shortening as it had the sharpest solid fat profile ( ).
CONCLUSION
Physico-chemical properties of experimental shortenings including fatty acid composition, iodine value, slip melting point, solid fat content and polymorphic forms give better understanding on the possible applications. High oleic and N1 blend shortening performed better as cake shortening as evident in the making of pound cake. It offers an alternative to the hydrogenated shortenings. N2 however do not perform very well as cake shortening as shown by the lower sensory score. Other possible applications such as frying may be suitable for this type of steeper solid fat profile. The processing conditions could be further optimized for better solid frying properties. For grain size, 1 = very coarse and 9 = very fine; for texture, 1 = very firm and 9 = very soft; for eating quality, 1 = very dry and tough, 9 = very moist and tender; and for flavour, 1 = very poor and 9 = excellent.
